Objective: To investigate associations between mouth breathing (MBr), nose breathing (NBr) and body posture classification and clinical variables in children and adolescents, by comparing patients with mouth breathing syndrome with a control group of similar age.
Introduction
If a child's respiratory pattern becomes abnormal for a long period, changing from nasal to oral, physiological features of breathing may be modified. This condition is defined as mouth breathing syndrome (MBS) if it persists for 6 months or longer. Mouth breathing syndrome is common in childhood and the prevalence among schoolage children in Brazil varies from 26.6 to 53.3%. [1] [2] [3] [4] [5] Many different studies have found evidence of the harm that MBS causes in children and adolescents, including functional abnormalities and involvement of organs and systems. 1, 3, 5, 6 It is rare for people to breathe exclusively through the mouth and the majority exhibit mixed breathing. In such cases some air, however little, does pass through the nose Assessment of the body posture of mouth-breathing children and adolescents strength balance have also been observed, in addition to effects on growth and development, caused by poor respiratory mechanics and function. 2, 7, 8 Other harmful consequences of MBS include a negative influence on stomatognathic system development, sleep disorders, educational problems, unhealthy nutritional status, reduced quality of life and poor body posture. Children with MBS can exhibit cervical lordosis with protrusion of the mandible and head in an attempt to increase the flow of air through the pharynx, 9 but the relationship has received little attention.
An understanding of the harmful effects of bad posture on children with MBS could guide patient management and reduce the costs involved.
The objective of this study was to investigate associations between mouth breathing (MBr) and nose breathing (NBr) and body posture in children and adolescents, by comparing MBS patients with a control group of similar age.
Methods
This was an observational, analytical, controlled, cross- Children and adolescents aged 5 to 14 years of any ethnicity and both sexes were recruited either to a control group of NBr children or to a study group of MBr children.
The professional responsible for assessments was blinded to which group each patient belonged.
The MBr group had their diagnoses of MBS confirmed by otorhinolaryngological examination and nasal endoscopy.
Healthy children with similar ages to those in the study group were recruited from a public school and enrolled in the control group.
Exclusion criteria were severe heart disease, prior musculoskeletal injury or any disease that affects the upper or lower extremities. 10 Patients were taken off the study if they changed their minds about taking part, if they were unable to do the postural assessment or if they did not reply to the questions on the assessment chart. Both groups were assessed by the same teams of physicians and physiotherapists.
The assessment instruments used were a data collection Patients were classified as having thoracic and/or abdominal respiratory patterns depending on which body segment predominated in terms of inspiratory expansion: possible definitions were thoracic, abdominal or mixed. 2, 8 All nasal endoscopies were conducted by the same otorhinolaryngologist, using a flexible endoscope (Machida ® , New York, United States) with a diameter of 2.7 mm to evaluate the size of the tonsils and the nasal turbinates, as described by Modrzynski & Zawisza, 12 while the size of tonsils was assessed as described by Brodsky. 13 Allergic rhinitis was diagnosed and classified as recommended by ARIA 14 and palate classification was as described by Ricketts. [15] [16] [17] The data thus obtained were analyzed using SPSS version 11.0 with the Mann-Whitney, chi-square and Fisher's exact tests. Values of p ≤ 0.05 were defined as significant. [18] [19] [20] [21] 
Results
The clinic's entire population of 336 children with MBS were invited to take part in the study. Thirty of them refused When evaluated from behind, the segments head, shoulders, feet and arches exhibited statistically significant differences between the MBr and NBr groups (p ≤ 0.0002).
The segments spine and hips did not exhibit statistically significant differences between groups (Table 1 ).
In the lateral plane, the segments thorax, shoulders, spine, trunk and abdomen also exhibited statistically significant differences between the 2 groups (p ≤ 0.0003) and only the neck posture scores did not differ significantly between groups ( Body posture and respiratory pattern -Conti PB et al.
There were no statistically significant differences between the three postural classifications in terms of the variables weight, height or BMI. These comparisons between severe, moderate and normal postural groups were made using means and percentiles (p > 0.17).
There were no differences between different postural groups in the MBr subset in terms of the frequency of palate abnormalities (p > 0.05).
Taking the entire sample of MBr and NBr children, the prevalence rates of AR in the different postural categories were 88.89% in the severe group, 68.75% in the moderate group and 59.43% of those with normal posture (p = 0.11).
In contrast, there were no statistically significant differences when the MBr and NBr groups were taken in isolation Table 2 shows the distribution of odds ratios produced by univariate logistic regression for the MBr group and also the multivariate logistic regression results for the MBr group. The distribution of the probability of MBS according to sex, respiratory pattern and postural classification is shown in Table 3 .
Discussion
This study has confirmed an association between MBS and body posture in children and adolescents. We could not find any studies in the literature that have previously correlated breathing type (mouth or nose) with different degrees of body posture problems.
There was a greater prevalence of males in the MBr group. This has been reported by many authors, 8,2 although others have failed to find differences in prevalence between the sexes. 3, 4 This greater prevalence of MBS among males may be the result of a narrower lower respiratory tract and an increased prevalence of allergic rhinitis among boys. 22 We did not find a correlation between the postural problems in MBr or NBr and their weight, height or BMI.
De Menezes et al. 3 assessed the nutritional status of children with MBS in order to establish a relationship between respiratory pattern and obesity. They found that MBS provokes eating disorders and masticatory problems and that these can lead to obesity.
Irrespective of the cause, chronic nasal obstruction in infancy leads to supplementary MBr. Mocellin et al. 22 investigated the principal causes of chronic nasal obstruction in infancy and found that 16.67% had adenoid hypertrophy in isolation and none had only hypertrophic tonsils.
Nevertheless, 3.33% had hypertrophy of both structures and 36.67% had a combination of adenoid hypertrophy, tonsil hypertrophy and inferior turbinate hypertrophy. 22 Abreu et al. 5 investigated children with MBS and found that 79.2% had hypertrophic adenoids and 12.6% had hypertrophic tonsils. These results are similar to the figures for our population, in terms of the elevated incidence of enlarged tonsils and adenoids. 5 In our study, patients had significantly larger tonsils and adenoids than the controls. However, the size of adenoids may not be the only cause of MBS. Even after surgical removal or medication, some patients continue to breathe through their mouths because of other intercurrent factors.
Allergic rhinitis has been described as one of the primary factors associated with MBS in childhood. 2 We observed a significantly greater prevalence of this dysfunction in the group with MBS when compared with the NBr group, irrespective of their postural categories.
The combination of allergic rhinitis and MBS can cause hypertrophy of the nasal turbinates, abnormalities of the dental arch and of craniofacial growth and problems with speech, mastication, body posture, academic achievement and sleeping. 2 Many authors have found elevated prevalence of high-arched palate among children with nasal obstruction compared with children without nasal obstruction. 7, 8 Motonaga et al. 23 observed high-arched palate in 87.50%, whereas in our study we found that 30% of MBr and 4.46% of the NBr had a high-arched palate.
Our children with MBS had a 42.21% prevalence of the thoracic respiratory pattern. The abdominal pattern was most common among NBr children (44.35%). These results indicate that thoracoabdominal mobility differs between the groups. However, a study that assessed thoracoabdominal motion in MBr and NBr children using respiratory plethysmography did not find results compatible with ours. 24 They found that airway obstruction leads to respiratory overload, increasing the phase angle. However, they observed that thoracoabdominal motion was almost Body posture and respiratory pattern -Conti PB et al. synchronous for the MBr and NBr children and that both groups had small phase angles. These authors questioned whether airway obstruction is truly predictive of altered thoracoabdominal synchronisation. 24 A study that investigated the pulmonary function and habits of mouth breathers using respiratory biofeedback associated with a quiet breathing pattern observed that MBr children had an irregular respiratory pattern with predominance of thoracic breathing and low amplitude abdominal motion. 25 The same was observed in our study.
Probability of mouth breathing
Analysis The angle of lumbar lordosis was significantly smaller in MBr, indicating lumbosacral spine problems. 26 In the MBr we found an elevated prevalence of head and shoulders protrusion and of inclination of the head.
This shoulder misalignment can be caused by a spine that is deforming into the shape of an S or a C, as observed in 30.5% of the MBr. These findings were also described by We observed thoracic abnormalities such as thoracic retraction, inclination of the trunk and thoracic hyperkyphosis in MBr and other authors have also done so. 4 Studies undertaken to date indicate that MBr can cause many respiratory and postural problems. The complexity of the problems that affect patients with this dysfunction mean that multidisciplinary intervention is needed.
The postural assessment method that we employed is a rapid procedure that is noninvasive, low-cost and easily administered in clinical practice and which provides results that correlate with studies that have used clinical and computerized methods. [26] [27] [28] [29] Nevertheless, the importance of, and need for, controlled longitudinal studies in order Body posture and respiratory pattern -Conti PB et al.
to determine the specific characteristics of the postural disorders involved cannot be ignored.
Our study suffers from certain limitations, one of which is the New York State postural assessment method which, despite being practical and easy-to-administer, may not be as sensitive as is ideal for identifying discrete abnormalities, since it is observer-dependent and uses only two planes.
Further limitations are the fact that the study does not allow for temporal associations, suffers from a risk of selection bias and is only able to identify associations and not causality.
Our data can be used to construct a scale of probability on the basis of the variables studied ( 
